We interviewed 45 patients, who answered advertisements (n : 21) or were referred by colleagues (n : 24), about their experience of intraoperative awareness using a standardized questionnaire. Auditory perceptions, hearing sounds or voices were mentioned by all patients (45 of 45): 33 of 45 patients understood and recalled conversations; 21 of 45 patients had visual perceptions; 12 of 21 recognized things or faces; 29 of 45 patients felt being touched; three patients had the sensation of moderate pain; and eight patients were in severe pain. Patients' feelings were mostly related to paralysis (27 of 45), helplessness (28 of 45), anxiety and fear (22 of 45); 18 were in severe panic. All patients (45 of 45) recognized the situation as a real event: 22 of 45 patients experienced unpleasant after effects; 11 suffered from anxiety and nightmares; and three developed post-traumatic stress disorder syndrome and required medical treatment. Twenty of 45 patients were especially attentive to emotionally relevant remarks on their own person, their disease and the course of their operation. The accuracy of sensory perception indicates a very high level of cognitive performance of patients during intraoperative awareness. (Br.
Summary
We interviewed 45 patients, who answered advertisements (n : 21) or were referred by colleagues (n : 24), about their experience of intraoperative awareness using a standardized questionnaire. Auditory perceptions, hearing sounds or voices were mentioned by all patients (45 of 45): 33 of 45 patients understood and recalled conversations; 21 of 45 patients had visual perceptions; 12 of 21 recognized things or faces; 29 of 45 patients felt being touched; three patients had the sensation of moderate pain; and eight patients were in severe pain. Patients' feelings were mostly related to paralysis (27 of The incidence of awareness during general anaesthesia that can be recalled explicitly after operation has been reported to be 0.5-2%. [1] [2] [3] [4] [5] [6] [7] [8] [9] Patients waking up during their anaesthetic are awake, in agony, intensely fearful but completely helpless, thinking that something must have gone terribly wrong. After operation, they recall all of the details of the procedure and the shock of this experience may cause post-traumatic stress disorder (PTSD). [9] [10] [11] Characteristic symptoms of PTSD involve reexperiencing the event, sleep disturbances with recurrent nightmares, avoidance of stimuli associated with the event, numbing of general responsiveness or increased arousal, anxiety and preoccupation with death, that in some cases require long-term medical and psychological support or treatment. 9 12 Information on what patients perceive and recall of events during general anaesthesia is based mostly on case reports. [13] [14] [15] [16] [17] [18] [19] [20] [21] Most of these case reports relate to the patient's actual experience rather than patient reactions or after effects of awareness. Consequences of intraoperative awareness have been described only on the basis of small series of patients. [22] [23] [24] [25] [26] [27] [28] [29] Only two studies analysed patients' feelings during, and patients' reactions to, awareness. Evans studied 27 patients with recall after anaesthesia having selected his patients by advertising in four British newspapers. 30 Bias of this sample cannot be excluded because advertisements select a disproportionate number of patients with a strong interest in their own medical history (so-called complainers). Therefore, Moerman, Bonke and Oosting investigated 26 patients with experiences of awareness during anaesthesia referred by colleagues of the anaesthesia department of a large university hospital. 31 In this study we have investigated two groups of patients with experiences of awareness. One group was collected from advertisements in four German newspapers and the Internet. Patients in the second group were referred by colleagues of the anaesthesia departments of one large university hospital and two large community hospitals. The incidence, quality, intensity and accuracy of sensory perceptions, emotions and feelings, cognition and realization, reactions, consequences and after effects during and after intraoperative awareness was assessed within and between groups.
Patients and methods
After obtaining approval from the local Ethics Committee, two groups of patients with experience of awareness during general anaesthesia were collected. In group 1, patients answered advertisements placed in four German newspapers and on the Internet. The text of the advertisement was as follows: "For scientific research and documentation on the subject of 'awake during general anaesthesia?' the Department 
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All patients in the two groups were interviewed using our standardized questionnaire "Awareness during general anaesthesia". The questionnaire was subdivided into six sections: personal data, detailed description in own words, sensory perceptions, feelings and emotions, cognition and interpretations, reactions, consequences and after effects. The following data were collected.
( 
Results
During an 8-month period, 45 patients were analysed; 21 patients replied to the advertisements (group 1) and 24 patients were referred from the three hospitals involved in the study (group 2). In total, 45 questionnaires of awareness during general anaesthesia were analysed. In table 1, case reports, patient data, a short description of patients' perceptions and feelings, and postoperative sequelae are presented. The two groups were comparable in patient data, type of surgery, a wide range of incidence, quality, intensity and accuracy of perceptions, emotions, cognition, reactions and after effects. Details on patients (sex, age, weight, height, time interval between interview and anaesthesia), type of surgery, patients' descriptions of their experiences of awareness in keywords and postoperative sequelae are presented in table 1. Mean age of the patients was 41.7 (range 14-64) yr, mean body weight was 73.9 (47-140) kg and body height 169.75 (153-194) cm. Thirty patients were female and 15 male, and the time interval between the event and the interview was 9.6 yr (range 0.1-30 yr). Events occurred during anaesthesia for elective general abdominal (n:16), cardiothoracic (n:5), orthopaedic (n:6), gynaecological (n:4) or ear-nose-throat or dental surgery (n:7). Seven cases of awareness were observed during Caesarean section and 14 patients underwent emergency surgical procedures.
In table 2 the incidence, quality, intensity and accuracy of perceptions, emotions, cognition, reactions and after effects are presented for group 1, group 2 and for both groups combined.
SENSORY PERCEPTIONS WITHIN THE DIFFERENT SENSE

MODALITIES
All patients (45 of 45) had auditory perceptions, hearing sounds or voices. The sound source was described as loud in 28 of 45 and close in 29 of 45 patients; 33 of 45 patients understood and recalled conversations. Patients in group 1 heard the sounds louder and closer when being aware and were significantly more often able to understand conversations; 21 of 45 had visual perceptions, and 10 of these 21 described their vision as clear, while 10 patients saw only silhouettes. Twelve patients recognized things or faces and 10 were able to localize this in the visual context of the operating room. Twenty-nine patients felt being touched, 28 of these were able to localize exactly where they felt the touch. Thirty-four patients felt no pain, three patients felt moderate and eight patients severe pain. All patients with pain perceptions were able to localize exactly were they felt the pain. Twenty-seven patients had the feeling of paralysis, 22 of whom were able to localize the paralysed body parts. EMOTIONS Twenty-eight of 45 patients felt helpless, 22 of 45 had feelings of anxiety and fear, four had moderate fear and 18 were in severe panic.
COGNITION
All patients (45 of 45) recognized their situation as a real event. The estimated duration of the awareness episode during anaesthesia ranged from 1 to 60 min (mean duration 7.73 min). Thirty-one of 45 patients tried to alert someone or to make signs.
REACTIONS AND AFTER EFFECTS
Twenty-two of 45 patients suffered from after effects of their awareness episode; 21 changed their opinion on future anaesthetics and operations, 11 suffered from anxiety during the day and 11 suffered from nightmares. In nine patients the awareness episode had consequences for their daily life, three required medical treatment and three patients developed PTSD syndrome. The mean duration of after effects was 0.84 (range 0.1-5.0) yr. Patients in group 1 had nightmares more often and after effects lasted significantly longer compared with those in group 2. Forty of 45 patients informed the anaesthetist, surgeon, medical staff, family or friends after operation. The response appeared to be affirmative, ranging from sympathy and explanation (19 of 40), or defensive, ranging from disbelieve to denial (10 of 40).
We subdivided all patients into two groups and compared those patients with and without after effects. Almost all patients with after effects had changed their opinion on anaesthesia and surgery (P : 0.001). Patients with after effects were significantly more often helpless (P : 0.001) and in fear or severe panic (P : 0.049) when being aware during operation compared with patients without after effects. There was no difference between patients with and without after effects regarding incidence and intensity of pain perception (P : 0.856) and other sensory perceptions, emotions and cognition.
Discussion
The two patient groups (21 patients who answered the advertisement (group 1) and 24 patients referred by colleagues of the large hospitals (group 2)) were comparable in patient data, type of surgery, a wide range of perceptions, emotions and cognition during their awareness episode, and incidence of after effects. Differences were found only in the quality of auditory perception and the incidence of understanding of language. Patients in group 1 heard the sounds louder and closer and were significantly more often able to understand conversations. One important difference between groups was that group 1 patients had nightmares more often and after effects lasted significantly longer than in group 2 (mean duration 1.59 vs 0.08 yr). This may be because of a bias in patient collection, indicating that patients who answered the advertisements had severer and longer lasting postoperative sequelae and possibly a stronger interest in their own medical history (so-called complainers). Our data support the suggestion of Moerman, Bonke and Oosting that it cannot be excluded completely that by advertising, a patient sample is biased and a disproportionate number of "complainers" may be selected with a strong personal interest in their own medical history. 31 As in the studies of Moerman, Bonke and Oosting 31 and Evans, 30 reports of awareness during anaesthesia in our analyses occurred not only during "high risk awareness" surgical procedures such as obstetric, cardiac or emergency surgery. The majority of awareness cases in our study occurred during elective ear, nose, throat, dental, general, abdominal, orthopaedic or gynaecological surgery, indicating that awareness during anaesthesia is not only a problem of special surgical procedures but may occur occasionally during anaesthesia for almost any elective procedure.
The incidence of perceptions within the different modalities during intraoperative awareness correspond well with data reported in the literature. 1 9 15 24 26 27 30 32 All patients were able to hear, indicating that the auditory modality is the most important sensory channel during intraoperative awareness. A high percentage of patients, especially those who heard loud sounds with the sound source close by, were able to understand language and remember conversations after operation. Twenty patients were especially attentive to emotionally relevant remarks, that is they recalled remarks on their own person, disease and course of the operation (two cases of derogatory remarks, two cases of very meaningful remarks and 15 cases of some type of meaningful remarks). This finding may support a widespread belief that meaningful words and remarks are recalled more easily than neutral sounds and have a greater impact on the patient. 25 28 29 32-36 On the other hand, 25 patients recalled only general theatre chat and noise.
Visual perception was reported by nearly 50% of our patients. This experience has been rarely documented and exceeds incidences reported by Moerman, Bonke and Oosting (27%) and Evans (33%). Furthermore, 50% of our patients with intraoperative visual perceptions had clear sight and could recognize things and faces within a clear visual context of their visual field. A high percentage of patients had tactile sensations and almost all were able to localize the body parts exactly where they were being touched. The high incidence of paralysis in our study corresponds well with data from the literature and in almost all cases the paralysed body parts could be identified.
The incidence of pain perception in our study (25%) was less than that reported in the literature (40%). 30 31 Nevertheless, 17.8% of patients had severe pain. All patients were able to localize the body part exactly where the painful stimuli occurred.
Jones estimated the incidence of conscious awareness with pain to be lower than 1 in 3000 anaesthetics, and the incidence of conscious awareness without pain perception to be 1-3 in 300 anaesthetics. 9 This would imply that painful feelings occur in less than 10% of patients who are aware during anaesthesia. Our data and those of Moerman, Bonke and Oosting, and Evans exceed this estimate; this may be a result of the small sample size and the possible disproportionate number of "complainers" in our study.
Two-thirds of patients had emotional distress during their intraoperative awareness and felt helpless or anxious; 40% felt severe distress and panic, an incidence significantly lower than that reported by Moerman, Bonke and Oosting (92%) 31 and Evans (78%). 30 The percentage of patients who suffered after effects (50%) was slightly lower than in the study of Moerman, Bonke and Oosting. 31 Their symptoms corresponded with those reported in the literature. 9-12 22 28 37-40 Anxiety during the day, nightmares and sleep disturbances with consequences for daily life were most frequently mentioned. Most often, patients with after effects changed their opinion on anaesthesia and surgery with more fear for future procedures and that such an episode could happen again. Three patients required medical treatment after operation because of the development of PTSD. Why some patients experience after effects or develop PTSD and others do not cannot be explained from the present data. In contrast with Moerman, Bonke and Oosting, 31 we did not find a trend towards a correlation between intraoperative pain perception and the incidence of after effects in our patients. Nevertheless, our patients with after effects felt significantly more helpless, fearful or severe panic during operation than patients without after effects.
The percentage of patients who informed an anaesthetist, surgeon, hospital staff, family or friends (89%) was higher in our study than reported previously. 30 31 This may reflect the increasing popularity that the topic of awareness during anaesthesia has gained in the lay press within the past years and the growing general knowledge of such problems. In contrast with Moerman, Bonke and Oosting, and Evans, responses were mostly affirmative, ranging from sympathy to explanation of the event, although responses of disbelief and denial occurred in some cases. These observations may indicate a steadily increasing understanding of the phenomenon and problems of intraoperative awareness on the part of the patient in addition to anaesthetists and surgeons.
In summary, our data indicated a high accuracy of sensory perceptions, especially auditory perceptions, understanding and recall of conversations, and a high level of cognitive performance of patients during intraoperative awareness. The results illustrate the need for the anaesthetic and operating theatre staff to realize that awareness may be occurring during general anaesthesia.
